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WIND-TUNNEL INVESTIGATION OF THE EFFECTS OF A FENCE AND
A LEADING-EDGE NOTCH ON THE AERODYNAMIC LOADING
CHARACTERTISTICS IN PITCH OF A 45° SWEPTBACK
WING AT HIGH SUBSONIC SPEEDS

By Richard E. Kuhn, James W. Wiggins,
and Andrew L. Byrnes, dJr.

SUMMARY

An investigation has been conducted in the Langley high-speed T-
by 10-foot tunnel to determine the aerodynamic loading characteristics
of & 45° sweptback wing of aspect ratio 4, taper ratio 0.6, and an NACA
65A006 airfoll section. The investigation inciuded the effects of fences
and leading-edge notches over a Mach number range from 0.50 to 0.95 and
an angle-of-attack range from 0° to about 25 .

The results Indicate that, at Mach numbers below 0.93, the fences
were effective in improving the 1ifting ability of the portion of the
wing outboard of the fence in the angle-of-attack range from sbout 8°
to sbout 17°. Above 20° at Mach numbers of 0.50 and 0.T0, the fences
were lneffective. The fences delayed the inward movement of the lateral
center of pressure to & higher angle of attack but dld not show any tend-
ency to move the lateral center of pressure farther outboard thaen the
most outward positlon shown for the clean wing. A limited investigation
(et Mach numbers of 0.70 and 0.91) of the effect of & small leading-edge
notch indicated that the effects were similar to, but smeller than, the
effects shown by the fence.

INTRODUCTION

The aerodynamic loading characteristics of a 450 swept-wing—body
combinetion in piteh, sideslip, and steady roll have been investigated
in the Langley high-speed T- by 10-foot tunnel. The general investigation
included the effects of & full-chord wing fence located 65 percent of the
semispan from the fuselage center line and covered a Mach number range

N
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from 0.50 to 0.95 which corresponds to a Reynolds number range from
2.1 x 105 to 3.0 x 10°.

This paper presents only the load distributions in pitch for the
clean wing and the fence-on condition. Some results on the effect of a
noteh in the leading edge of the wing are also presented. The 1lift,
drag, and pitching-moment date for this wing-fuselage combinatlon are
presented in reference 1. The aerodynamic loading characteristics of
this configuration, without the fence, at transonic speeds are presented
in reference 2. Additional information concerning the effects of a simi-
ler fence on the force data of this configuration is presented in
reference 3. S ’ S

In order to expedite the publicatlion of these results, they are
prresented here with only a brief discussion.

COEFFICIENTS AND SYMBCOLS

The symbols used in the present paper are defined as follows:

M Mach number
R Reynolds number
by - P -

P pressure coefficient, -l—a-ig or EE_E_EQ
P locel static pressure, 1b/sq ft
Po free-streem static pressure, lb/sq ft

1.2
q dynamic pressure, Epv 3 lb/sq Tt

eir density, slugs/cu ft

v free-stream velocity, f£t/sec

c local wing chord, ft

Cav average wing chord, S/b, £t

b wing spen, ft

S wilng area, sq ft - ol
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X/c

7

Subscripts:
e

u

chordwise distance from leading edge of local chord, £t

spanwise distance from fuselage center line, ft

Increment of local chord over which the pressure at a
particular orifice is asssumed to act

section normel-force coefficlent, z (PZ - PQA(E:-)
x —
E-_O

section pitching-moment coefficlent about 0.25 local chord,

(Pu - Pz) (§ - 0.25) a(%)

ME

=0

it

exposed-wing normal-force coefficlent,

L7 (o) o)

exposed-wing bending-moment coefficient,

[, G2, &),

angle of attack, deg

e

local longitudinal center of pressure, ;E - 0.25
n

lateral center of pressure measured from fuselage surface,

CBe/cNe

exposed wing
upper surfece

lower surface -
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MODEL: AND APPARATUS

A drawing of the wing-fuselage configuration tested is shown in fig-
ure 1. A tabulation of the fuselage ordinates is presented in reference 1.
The wing had s quarter-chord sweep of h5°, aspect ratio of 4, taper ratio
of 0.6, and an NACA 65A006 airfoil section and was of composite construc-
tion, consisting of a steel core with a bismth-tin covering to give the
desired contour. One hundred and fifteen static-pressure orifices were
located in the upper and lower surfaces of the wing snd were distributed
along five spanwise stations parellel to the plane of symmetry (20, 60,
and 95 percent semispan on the right wing and 40 and 80 percent semispan
on the left wing). -The wing was mounted to the fuselage in a midwing
position with zero dihedral and zero incidence.

The model was tested on the sting-type support system shown in fig-
ure 2. With this support system the model can be remotely operated

through z 280 angle range.

The details of the fences used in the investigation are shown in
figure 1. The brass fences were mounted on the wing at the 65-percent -
semispan station such that the mounting clips 4id not protrude above the
wing surface. o : -

The leading-edge notches were installed in the wing at the 65-percent-
semispan station after the pressure tubes had been installed. It was not
possible, therefore, to make them as deep (chordwise) as desired. The
detailis of the notches tested are shown in figure 1. The locetion of the
notch was determined from a study of unpublished low-speed data on a
similar wing.

TESTS AND CORRECTIONS

The tests were conducted in the Langley high-speed T- by 1l0-foot
tunnel through a Mach number range from approximastely 0.50 to 0.95 cor-
responding to & Reynolds number range from 2.1 X 106 to 3.0 X 106. The
size of the model caused the tunnel to choke at a Mach number of 0.96 at
zero angle of attack. The blocking corrections which were applied to the
Mach number were determined by the method of reference k.

The angle of attack, which was varied from O° to about 250, has been
corrected for the deflection of the sting support system.

The aercelastic deflection charscteristics of this wing (as deter-
mined from static loadings) are presented in reference 1. No aerocelastic
corrections have been applied to these data. The variation of Reynolds
number with Mach number is presegted in figure 3.
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PRESENTATION OF RESULTS

All the detailed pressure coefficlients are presented in tables I,
IT, and III and selected results from this investigation are presented
in the following figures:

Figure
Spen load dAistributions + « « + & ¢ ¢ o+ e ¢ e s 4 s e s e e ... k&
Local chordwlse center of presSsure . o ¢ « « o o « s « s s o s o « 5
Effect of Mach number on local chordwise center
of pressure at o =U4° . . . . . . . . . c i i e i e b
Locel section normal-fOrce CUTVES « o « « ¢ o o o « o ¢ s o o o« o « T
Wing normal-fOrce QUIVES . « « « « o = « o o o » « o o o o« o o« « o 8
Root bending momente .« « ¢ ¢« ¢« ¢ o o o o o o a s « o s o o o o o &« 9
Lateral center of pressure . . . . e & e e o s s s s s« = s &« o« o 10
Some representative chordwise loadings P i

A few of the chordwise load distributions heve heen plotted and asre
presented in figure 11.  In the process of plotting and analyzing these -
deta, it was found that less than 2 percent of the individual pressure
coefficients were in error. Therefore, in order to expedite the publica-
tion of the data, it was decided thet it would be unnecessary to plot all
the chordwise load distributions, snd the pressure coefficients (tables I,
II, and III) have been presented in the form obtained from the tabulating
machine. Tests at Mach numbers of 0.91 and 0.95 were repeated on the
clean-wing configuration as an indication of the repeatability of the
data.

At Mach numbers below 0.93, the fences were effective in improving
the lifting characteristics of the outer portion of the wing in the angle-
of-attack range from about 8° to about 1T7°, however, in general the fence
reduced the load over the section inboard of the fence at these angles of
attack. Above an angle of attack of about 20°, at Mach numbers of 0.50
and 0.70, the fences were ineffective (figs. 4 and 10).

The results in figure 10 show that the lateral center of pressure
moved inward st angles of attack above 8° for the clean-wing configuration
because of the partial stalling of the tip sections of the wing. The
fence delsyed thie inward movement to a higher angle of attack but did
not exhibit any definite tendency to move the lateral center of pressure
Tarther outboard than the most outward position shown for the clean wing.

The effects of the leading-edge notch were gimilar to the effects of
the fence but of somewhat smaller magnitude and the effectiveness of the
notch was lost at lower angles of attack (figs. 4, 5, and 10). However,
as mentioned previously, the notch was rather small. Unpublished data
on the effect of notches and fences on the 1ift and pitching-moment
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characteristics of similar wings indicate that deeper (chordw1se) notches .
produce results more nearly approaching those for fences._ _ _ =

CONCLUSIONS

The results of the investigation of the aerodynamic loading charac-
teristics, including the effects of wing fences and leading-edge notches,
on a 45° sweptback wing of aspect ratio 4, taper ratio 0.6, and a NACA
654006 sirfoil section indicate the following conclusions:

1. The wing fences, at Mach numbers below 0.93, were effective in
improving the lift-carrying ability of the outer portion of the wing in
the angle-of-attack range from about 8° to 17°. Above 20°, st Mach num-
berse of 0.50 and 0.70 the fences were ineffective.

2. The fences delayed the inward movement of the lateral center of
pressure to & higher angle of attack but did not show any tendency to
move the latersl center of pressure farther cutboard than the most out-
ward position shown for the clean wing.

3. A limited investigation (at Mach numbers of 0.70 and 0.91} of the -
effects of a small leading-edge notch indlcated that the effects were
similar to, but smaller than, the effects shown by the fence.

Langley Aerornautical Laboratory,
National Advisory Committee for Aeronsutics,

Langley Field, Va., August 17, 1953.
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TABULATION OF PRESSURE COEFFICIENTS FOR THE

TABLE I.-

CLEAN WING
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TABULATION OF PRESSURE COEFFICIENTS FOR THE

TABLE I.-

CLEAN WING - Continued

Concluded.

(&) M= 0.50.
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TABULATION OF PRESSURE COEFFICIENTS FOR THE

TABLE I.-

CLEAN WING - Continued

(b} M = 0.70.
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TABULATION OF PRESSURE COEFFICIENTS FOR THE

TABLE L~

CLEAN WING - Continued

0.91 (repeat tests).
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TABLE IL-

TABULATION OF PRESSURE COEFFICIENTS FOR THE

CLEAN WING - Continued

Concluded.

0.91 (repeat tests).

() M

oI OAN Or=-TROmMOadY VONHORANNOD Y NORUNT-WINODO

nNrbt-oendoon DOMBRNOVNNNNY ARt ARHOMM VDR TDRO T

VYOV N Y v fsRNrdoorane NeEnnNYTETEnNn nanrNNrodan
’-I LI R I R R I ) LI I I N B T BN Y LI B R I I T Y B B B LRI I T I R I B

LI O O I O | 111t vttt LI I I I B B |

Revdrdinddnnnd NOHRDNINT ORN oY YEAOMAHNNE ROV U NG

oo dwterivO NN HD O tO- NeARRVAN TN HOY LU T=-1-1. 901 1 ]
r CRAOG--ONN TR WA 000 Ui N nannnnng RN AO AN
& LTI I I I IR B ) LI TR I I BN Y ) LI R S T R R O I I R ) DR S I I I R S )
N
Q

LI T T O O A | ttovi bt rrrrr g Tty

Nt-t-Nnn OO+ WOMNDATRNN & TN AN RGOT G VIO ANNO YOO

Q¥ YVDAHON AN Or- NN W00 Ye¥MNrirdNat-N0d A rROoY VBN
| OAdoYKMRrO0OLO QOoOovirrdooOdl LA L ET-T-1-1-1-] DoorrdRROORN
) LI N B R IR R R W A ) LN I I I B Y ) U I I I BRC I I I B ) L I I R I N
a Add d

[ A AN ] [ ] sty trriyn
A0 DA DNR A A Vel O N+ ORYA ALY ¥ LU D - R ]
VU oONNOndinow NOoURt~HODONG ELACA LA -1 14 4 VNOVMONOVO YD

w TRUANNNANOOO OO0rMHNENHMAO +HRAMAANOO00D QOo00rArMrENAO
§a * ¢ 8 40 0 8 8B L2 I I N I I R Y ) L3 I I I BN I I B B A ) 4 8 8 5% 4 & 3o B
L I O A I [ I A | trerrod [ 3 I B
£ OnnoOoOoDODOGO 000000 DOoOOWNN oNNOOOoO00O00 OOTO000DOoOoOWmN
O ONt= VNV INININWNY VW W WNYI-N oMM VNIVNY wnnyuVNODONE-N
COOrMNYENO-00 DV ETNAAHOO OO0 HANEVO-DO AD-OMTNANAHO00
t. o 3 b % 0 3 9.8 % 0 % 4.5 4 0 8. 8 ¢ 9 4 0 8 $ ¢ v 9 9 ¢t 3 ¢ 9. 9 % & .8 1 ¢ ¢ A 2 8 ¥ O
18090 JoMo7 48ddn JoM07

N L

N N

Q i




NACA RM L53H2k

CLEAN WING - Continued
(g) M = 0.95 (repeat tests).

TABULATION OF PRESSURE COEFFICIENTS FOR THE

TABLE I.-

20
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TABLE I.-

TABULATION OF PRESSURE CQEFFICIENTS FOR THE

CLEAN WING - Concluded

Concluded.

0.95 (repeat tests).
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TABULATION OF PRESSURE COEFFICIENTS FOR THE

TABLE II.-

FENCE-ON CONDITION

0.50.
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TABULATION OF PRESSURE COEFFICIENTS FOR THE

TABLE I~

FENCE-ON CONDITION - Continued

Concluded.

0.50.
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TABLE JL- TABULATION OF PRESSURE COEFFICIENTS FOR THE

FENCE~ON CONDITION -~ Continued

= 0.70.
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NACA RM L53H24

TABULATION OF PRESSURE COEFFICIENTS FOR THE

TABLE IL-

FENCE-ON CONDITION - Continued

Concluded.

0.70.
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TABULATION OF PRESSURE COEFFICIENTS FOR THE

TABLE IL-

FENCE-ON CONDITION - Continued

() M= 0.85.
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TABULATION OF PRESSURE COEFFICIENTS FOR THE

TABLE IL-

FENCE-ON CONDITION - Continued

Concluded.

0.85.
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TABLE II.- TABULATION OF PRESSURE COEFFICIENTS FOR TI'J'.E

FENCE-ON CONDITION - Continved

0.61.
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NACA RM IL53H24

TABULATION OF PRESSURE COEFFICIENTS FOR THE

TABLE II.-

FENCE-ON CONDITION - Continued

Concluded.

0.91.
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TABULATION OF PRESSURE COEFFICIENTS FOR THE

TABLE II.-

FENCE-ON CONDITION -~ Continued.

(e) M =0.93 and 0.95.
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TABULATION OF PRESSURE COEFFICIENTS FOR THE

TABLE IL-

FENCE-ON CONDITION - Concluded

Concluded.

= 0.93 and 0.95.
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TABULATION OF PRESSURE COEFFICIENTS FOR THE

TABLE 1II.-

LEADING-EDGE-NOTCH CONDITION

(&) M=0.70.
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TABULATION OF PRESSURE COEFFIECIENTS FOR THE

TABLE OL-

LEADING-EDGE-NOTCH CONDITION - Continued

(&) M =0.70. Concluded.
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(b) M =0.91.

TABULATION OF PRESSURE COEFFICIENTS FOR THE

LEADING-EDGE -NOTCH CONDITION - Continued
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TABULATION OF PRESSURE COEFFICIENTS FOR THE

TABLE HI.-

LEADING-EDGE -NOTCH CONDITION - Concluded

Concluded.

() M= 0.91.
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Aspect rafio 4
Taper ratio &
Area 225sqft .
NACA 654006 Airfoil . : _
parallel to fuseloge € : . _ -

ﬁ .i 1344

Scale feet

4/0
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Figure 1.- Drawing of the model tested. All dimenslons in feet. N



L-721,00

Figure 2.~ Photograph of the model installed on the verisble-angle-of-
attack support system.
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Figure 3.~ Variation of mean test Reynolds number with Mach number based
on the mean aerodynamlc chord of the wing.
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Figure 4.- Effect of the fence and notch on the spanwlse load distribution.
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Flgure 9.- Varietlon of the root beading-moment coefflcient of the exposed \é
wing with sngle of attack. +
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Figure 10.- Variation of the latersl center of pressure of the load on
the exposed wing wlth angle of attack meassured from the fuselsge
surface.
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Figure 11.- EBffect of fences on the chordwise load distribution.
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